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(54) Tiae: COATED-WIRE ION BOMBARDED GRAPHITE ELECTRON EMITTERS 



(57) Abstract 

Wire-coated graphite electron emitters are disclosed. These field emitters find particular usefulness in field emitter cathodes, display 
panels and lighting devices. These graphite field emitters can be formed by coating a paste comprised of graphite and glass frit onto the 
wire, firing the paste and bombarding the fired product with an ion beam. 
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TITLE 

COATED-WIRE ION BOMBARDED GRAPHITE ELECTRON EMITTERS 

FIELD OF THE INVENTION 
This invention provides wire-coated ion bombarded graphite field 
emission electron emitters, a process for producing them and their use in field 
emitter cathodes in flat panel display screens. 



Field emission electron sources, often referred to as field emission 
materials or field emitters, can be used in a variety of electronic applications, e.g., 
vacuum electronic devices, flat panel computer and television displays, emission 
gate amplifiers and klystrons and in lighting. 

Display screens are used in a wide variety of applications such as home 
and commercial televisions, laptop and desktop computers and indoor and outdoor 
advertising and information presentations. Flat panel displays are only a few 
inches thick in contrast to the deep cathode ray tube monitors found on most 
televisions and desktop computers. Flat panel displays are a necessity for laptop 
computers, but also provide advantages in weight and size for many of the other 
applications. Currently laptop computer flat panel displays use liquid crystals 
which can be switched from a transparent state to an opaque one by the 
application of small electrical signals. It is difficult to reliably produce these 
displays in sizes larger than that suitable for laptop computers or for operation 
over a wdde temperature range. 

Plasma displays have been used as an alternative to liquid crystal displays. 
A plasma display uses tiny pixel cells of electrically charged gases to produce an 
image and requires relatively high electrical power to operate. 

Flat panel displays having a cathode using a field emission electron source, 
i.e., a field emission material or field emitter, and a phosphor capable of emitting 
light upon bombardment by electrons emitted by the field emitter have been 
proposed. Such displays have the potential for providing the visual display 
advantages of the conventional cathode ray tube and the depth and weight 
advantages of the other flat panel displays with the additional advantage of lower 
power consumption than the other flat panel displays. 

U.S. Patents 4,857,799 and 5,015,912 disclose matrix-addressed flat panel 
displays using micro-tip cathodes constructed of tungsten, molybdenum or silicon. 
WO 94-15352, WO 94-15350 and WO 94-28571 disclose flat panel displays 
wherein the cathodes have relatively flat emission surfaces. 

WO 97-07524 discloses the advantages that a fibrous cathode has over a 
relatively flat one. 



BACKGROUND OF THE INVENTION 
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There is a need for a process for readily and economically producing wire 
or fiber-like electron emitters for use in fibrous cathodes. 

SUMMARY OF THE INVENTION 
This invention provides a process for producing a wire-coated ion 
5 bombarded graphite field emission electron emitter, which comprises: 

(a) forming a layer of composite which comprises graphite particles 
and glass on a wire, wherein the glass adheres to the wire and to 
portions of the graphite particles thereby affixing the graphite 
particles to one another and to the wire, and 
10 (b) bombarding the surface of the layer formed in (a) with an ion 

beam. 

Preferably, at least 50% of the surface area of the layer of composite 
consists of portions of graphite particles and most preferably, at least 70% of the 
surface area of the layer of composite consists of portions of graphite particles. 
15 The volume per cent of graphite particles is preferably about 35% to about 

80% of the total volume of the graphite particles and the glass, and most 
preferably about 50% to about 80% of the total volume. 

Preferably, the ion beam is an argon ion beam and the argon ion beam has 
an ion current density of from about 0.1 mA/cm^ to about 1.5 mA/cm^, a beam 
20 energy of from about 0.5 keV to about 2,5 keV and the period of ion 
bombardment is about 15 minutes to about 90 minutes. 

Preferably, the glass is a low softening point glass. 

Preferably, when the layer of composite comprises graphite and glass, the 
process for forming the layer of composite on a vdre comprises coating the wire 
25 with a paste comprised of graphite particles and glass frit and firing the paste. 
Various methods can be used to coat the wire. For example, the wire can be 
submersed in or drawn through the paste. Alternatively the paste can be brushed 
or sprayed onto the wire. 

In addition this invention provides a process for forming a layer of 
30 composite which comprises graphite and glass on a wire, which comprises: 

(a) coating a paste comprised of graphite particles and glass fiit 

onto the wire, wherein the volume per cent of graphite particles 
is about 35% to about 80% of the total volimie of the graphite 
particles and the glass frit, and 
35 (b) firing the paste to soften the glass frit and cause it to adhere to 

the wire and to portions of the graphite particles thereby affixing 
the graphite particles to one another and to the wire to produce 
the layer of composite, wherein at least 50% of the surface area 
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of the layer of composite consists of portions of graphite 
particles. 

Preferably, at least 70% of the surface area of the layer of composite 
consists of portions of graphite particles. 
5 In addition this invention provides the layer of composite which comprises 

graphite and glass on a wire made by the above process and which can be 
subsequently treated to produce a field emission electron emitter. In the layer of 
composite which comprises graphite and glass, preferably the volume per cent of 
graphite particles is about 35% to about 80% of the total volume of the graphite 
10 particles and the glass, and most preferably about 50% to about 80% of the total 
volume. 

This invention also provides electron emitters produced by the process of 
this invention. These electron emitters and the fibrous cathodes made therefrom 
are useful in vacuum electronic devices, flat panel computer and television 

15 displays, emission gate amplifiers, klystrons and lighting devices. The flat panel 
displays can be planar or curved. 

DETAILED DESCRIPTION OF THE INVENTION 
The process of the invention for producing a wire-coated ion bombarded 
graphite field emission electron emitter comprises forming a layer of composite 

20 which comprises graphite particles and glass on a wire. The glass adheres to the 
wire and to portions of the graphite particles, thereby affixing the graphite 
particles to one another and to the wire. It is preferable to have as much of the 
surface area of the layer of composite as possible consist of portions of graphite 
particles and to have the portions of the graphite particles at the surface of the 

25 layer of composite be free of glass. The process of this invention provides a layer 
of composite wherein at least 50% of the surface area of the layer of composite 
consists of portions of graphite particles. 

As used herein, "graphite particles" means the particles of the usual 
hexagonal graphite, both synthetic and natural forms. 

30 The wire can be any material to which the glass will adhere. Non- 

conducting wires will require a film of an electrical conductor to serve as the 
cathode electrode and provide means to apply a voltage to and supply electrons to 
the graphite particles. 

Wires of metals such as nickel, tungsten, titanium, molybdenum or copper 

35 can be used. Silicon or silicon carbide can also be used. In an altemate 

embodiment, the core can be a metallized insulator such as tungsten coated on a 
non-conductive polyester, nylon or Kevlar® fiber (Kevlar® is a registered 
trademark of E. I. du Pont de Nemours and Company, Wilmington, DE). 
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Various processes can be used to form a layer of composite which 
comprises graphite particles and glass on a substrate, but the preferred process is 
coat a paste comprised of graphite particles and glass frit onto a wire. The wire 
can be submersed in or drawn through the paste. Altematively the paste can be 
5 brushed onto the wire. 

The paste used will typically contain graphite particles, low softening 
point glass frit, an organic medium, solvent and surfactant. The role of the 
medium and solvent is to suspend and disperse the particulate constituents, i.e., 
the solids, in the paste with a proper rheology . There are a large number of such 

10 mediums known in the art. Examples of resins that can be used are cellulosic 
resins such as ethyl cellulose and alkyd resins of various molecular weights. 
Butyl carbitol, butyl carbitol acetate, dibutyl carbitol, dibutyl phthalate and 
terpineol are examples of useful solvents. These and other solvents are formulated 
to obtain the desired viscosity and volatility requirements. A surfactant can be 

15 used to improve the dispersion of the particles. Organic acids such oleic and 
stearic acids and organic phosphates such as lecithin or Gafac® phosphates are 
typical surfactants. A glass frit that softens sufficiently at the firing temperature to 
adhere to the wire and to the graphite particles is required. Preferably the graphite 
particles have least dimensions of 1 |Lim. If a layer of composite with higher 

20 electrical conductivity is desired, the paste also contains a metal such as silver or 
gold. 

Based on the total weight of the paste, the paste typically contains about 
40 wt % to about 60 wt % solids. These solids comprise graphite particles and 
glass frit or graphite, glass frit and a metal. The volume per cent of graphite 

25 particles is preferably about 35% to about 80% of the total volume of solids, most 
preferably about 50% to about 80% of the total volume. The graphite particle size 
is preferably about 0.5 ^m to about 10 fim. Variations in the composition can be 
used to adjust the viscosity and the final thickness of the deposited material. 

The paste is typically prepared by milling a mixture of graphite particles, 

30 low softening point glass frit, organic medium, surfactant and a solvent. 

Various processes can be used to form the layer of composite on the wire, 
but the preferred process is to coat a paste comprised of graphite particles and 
glass frit onto the wire. The wire can be submersed in or drawn through the paste. 
Altematively the paste can be brushed or sprayed onto the wire. 

35 The paste is dried before firing, typically by heating at 125°C for about 10 

minutes. The dried paste is then fired at a temperature at or above the softening 
point of the glass fiit. The dried paste can be fired at temperatures of about 450°C 
to about 575°C for about 10 minutes when glass with a low softening temperature 
is used. Higher firing temperatures can be used with wires which can endure 




wo 99/31701 PCT/US98/26017 
them. It is during this firing step that the organic materials are volatiUzed leaving 
the layer of composite comprised of graphite particles and glass. Surprisingly, the 
graphite particles undergo no appreciable oxidation or other chemical or physical 
change during the firing. 
5 Preferably the coated wire has a diameter less about 100 |im. The layer of 

deposited paste decreases in thickness upon firing. Preferably, the thickness of the 
fired layer of composite is from about 5 \im to about 30 fxm, most preferably from 
about 5 jam to about 20 |im. 

The layer of composite which comprises graphite particles and glass on a 

10 substrate can be subsequently treated to produce a field emission electron emitter. 
For example, the layer of composite is then subjected to ion beam bombardment 
under the following conditions. Beams of argon, neon, krypton or xenon ions can 
be used. Argon ions are preferred. Reactive gases, such as nitrogen and oxygen, 
can be added to the argon gas to lower the voltage for tum-on, the onset of 

15 emission, and the voltage for producing an emission current of 1 mA. For both 

nitrogen and oxygen, the preferred amount of substitution is preferably from about 
8% to about 15% , i.e., the preferred compositions of the gases used in the ion 
bombardment are from about 92% Ar/8% Nj to about 85% Ar/15% and from 
about 92% Ar/8% O2 to about 85% Ar/15% O2. The compositions 90% Ar/10% 

20 N2 and 90% Ar/10% O2 are especially preferred. AU gas percentages are by 

volume. For the same percentage of substitution, nitrogen is more effective than 
oxygen in lowering the voltages required for emission. Oxygen ions are more 
chemically active and produce volatile species like CO and COj. This results in a 
faster etch but the finer whiskers are also consumed in the process. Nitrogen ions 

25 are not as reactive and the reaction products are not volatile. 

The pressure during this bombardment is about 0.5 x 10'"^ torr 
(0.7 X 10-2 Pa) to about 5x10"^ torr (6.7 x 10^2 Pa), preferably from about 
1.0 X 10-4 torr (1.3 x 10-2 pa) to about 2 x 10"^ torr (2.7 x 10-2 Pa). The ion beam 
bombardment is carried out at ion current densities of about 0.1 mA/cm2 to about 

30 1.5 mA/cm2, preferably about 0.5 niA/cm2 to about 1.2 mA/cm2, with beam 
energies of about 0.5 keV to about 2.5 keV, preferably about 1.0 keV to about 
1.5 keV. Bombardment times of about 10 minutes to 90 minutes or more can be 
used. Under these conditions, whiskers and cones are formed on the graphite 
particle surfaces and the resulting product will be a good field emission electron 

35 emitter. Ranges of the exposure times and optimal exposure times depend on the 
other bombardment conditions and the thickness of the layer of composite. 
Bombardment must be for a time sufficient to result in the formation of the 
whiskers and cones on the graphite particles but not so long that portions of the 
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layer of composite are etched through to the wire since this results in a 
degradation of emission properties. 

Any ion source can be used. Currently Kaufinann Ion Sources are the 
most readily available commercially. 
5 The surface structure of the graphite particles changes significantly during 

the ion bombardment. As a result of etching, it is no longer smooth, but instead 
becomes textured and is comprised of cones. Diameters of the cones range from 
about 0.1 Jim to about 0.5 )am. The cones develop in the direction toward the 
incident ion beam. When the ion beam is normal to the axis of the wire, cones 
10 form predominantly in the layer of composite along the sides of the wire. Cones 
are not usually present along the center of the wire, i. e., that part of the fiber 
which is closest to the ion beam source and they are also not present along the 
back of the wire, which is not exposed directly to the ion beam. Cones can be 
formed more uniformly around the wire by rotating the wire during the ion beam 
15 bombardment. 

Transmission electron micrographs of the cones will indicate that they 
consist of small grains of crystalline carbon. A cone is believed to be that part of 
the original graphite surface which is left behind following ion beam etching. 

In addition to cones, whiskers are also formed during ion bombardment of 
20 the graphite particle surfaces. Whiskers are typically located at the tips of the 
cones. The lengths of the whiskers can extend from 2 |im to distances of 20 ^im 
or more. Diameters of the whiskers are in the range of 0.5 to 50 nm. The 
whiskers form in the direction toward the incident ion beam. The whiskers are 
flexible, and will move during scanning electron microscopy measurements. The 
25 whiskers grow in the same regions as do the cones, i.e., when the ion beam is 

normal to the axis of the wire, whiskers form predominantly along the sides of the 
wire. Whiskers are not usually present along the center of the wire, i. e., that part 
of the wdre which is closest to the ion beam source and they are also not present 
along the back of the ware, which is not exposed directly to the ion beam. 
30 Transmission electron micrographs of the cones will indicate that they 

consist of small grains of crystalline carbon. A cone is believed to be that part of 
the original graphite surface which is left behind following ion beam etching. 

In addition to the cones, whiskers are also formed during ion bombardment 
of the graphite particle surfaces. Whiskers are typically located at the tips of the 
35 cones. The lengths of the whiskers can extend from 2 |im to distances of 20 jim 
or more. The lengths of the whiskers can be much greater than the initial 
dimensions of the graphite particles. Diameters of the whiskers are in the range of 
0.5 to 50 nm. The whiskers form in the direction toward the incident ion beam. 
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The whiskers are flexible, and they have been observed to move during scanning 
electron microscopy measurements. 

For the Examples that follow a 3 cm-diameter ion gun (Kauffman Ion 
Source, Model II) was used to create an argon ion beam of about 2 inches 
5 diameter (5 cm) at the sample surface. This is a turbo-pumped system with a base 
pressure of 1 x 10"^ torr (1.3 x 10"^ Pa). After the base pressure is reached, the 
working gas, argon, is fed into the system through a needle valve until a steady 
working pressure of 1 x 10"^ torr (1 .3 x lO'^ Pa) was achieved. The distance 
between the ion gun and the surface is 4-5 inches (10-12.5 cm). 

10 Transmission electron micrographs of carbon whiskers will indicate that 

they are solid and consist of amorphous carbon. This material is believed to be 
carbon which has been removed from the original graphite particles by ion beam 
etching and then redeposited, initially typically at the tips of cones and then at the 
tips of the growing whiskers. Alternately, the whiskers may form by carbon 

15 activated by the ion beam which diffuses to the tips of the cones or whiskers. 
These carbon whiskers differ in structure from carbon nanotubes. Carbon 
nanotubes are hollow and contain shells of graphite-like sheets of carbon. Carbon 
whiskers are solid and exhibit no long range crystalline order in any direction. On 
wires coated with a layer of composite, the carbon whiskers grow in the same 

20 regions as do the carbon cones, i.e., when the ion beam is normal to the axis of the 
fiber, whiskers form predominantly along the sides of the fiber. Whiskers are not 
usually present along the center of the fiber, i.e., that part of the fiber which is 
closest to the ion beam source and they are also not present along the back of the 
fiber, which is not exposed directly to the ion beam. 

25 Electron emission from the wires can be measured in a cylindrical test 

fixture. In this fixture, the wire to be tested served as the cathode and is mounted 
in the center of a cylinder which serves as the anode. This anode cylinder 
typically consists of a fine mesh cylindrical metal screen coated with a phosphor. 
Both the cathode and anode are held in place by an aluminum block with a semi- 

30 cylindrical hole cut therein. 

The ware is held in place by two 1/16 inch-diameter stainless steel tubes, 
one at each end. These tubes are cut open at each end, forming an open trough in 
the shape of a half cylinder of length 1/2 inch and diameter 1/16 inch, and the wire 
is placed in the open trough that results and held in place with silver paste. The 

35 connecting tubes are held in place within the aluminum block by tight fitting 

polytetrafluoroethylene (PTFE) spacers, which serve to electrically separate the 
anode and cathode. The total length of exposed wire is generally set at 1 .0 cm, 
although shorter or longer lengths could be studied by controlling the placement 
of the holder tubes. The cylindrical screen mesh cathode is placed in the semi- 
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cylindrical trough in the aluminum block and held in place with copper tape. The 
cathode is in electrical contact with the aluminum block. 

Electrical leads are connected to both the anode and cathode. The anode is 
maintained at ground potential (0 V) and the voltage of the cathode is controlled 
5 with a 0-10 kV power supply. Electrical current emitted by the cathode is 

collected at the anode and measured with an electrometer. The electrometer is 
protected from damaging current spikes by an in-series 1 MYz resistor and in- 
parallel diodes which allows high current spikes to bypass the electrometer to 
ground. 

10 Samples for measurement of length about 2 cm are cut from longer lengths 

of wire samples. With the flexible stainless steel screen with phosphor removed, 
they are inserted into the cylindrical troughs of the two holder arms. Silver paste 
is applied to hold them in paste. The silver paste is allowed to dry and the 
phosphor screen is reattached and held in place with copper tape at the two ends. 

15 The test apparatus is inserted into a vacuum system, and the system is evacuated 
to a base pressure below 1x10"^ torr (1 .3 x 10"^ Pa). 

Emission current is measured as a function of applied voltage. Electrons 
emitted from the cathode create light when they strike the phosphor on the anode. 
The distribution and intensity of electron emission sites on the coated wire are 

20 observed by the pattern of light created on the phosphor/wire mesh screen. 
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CLAIMS 

1 . A process for producing a field emission electron emitter, which 

comprises: 

(a) forming a layer of composite which comprises graphite particles and 
5 glass on a wire, wherein the glass adheres to said wire and to portions of 

said graphite particles thereby affixing said graphite particles to one 
another and to said wire; and 

(b) bombarding the surface of the layer formed in (a) with an ion beam 
which comprises ions of argon, neon, krypton or xenon for a time 

10 sufficient to form whiskers on said graphite particles. 

2. The process of claim 1, wherein said ion beam comprises ions of argon. 

3. The process of claim 2, wherein said ion beam further comprises ions 
of nitrogen. 

4. The process as in any one of claims 1-3, wherein at least 50% of the 
15 surface area of said layer of composite consists of portions of said graphite 

particles. 

5. The process of claim 4, wherein at least 70% of the surface area of said 
layer of composite consists of portions of said graphite particles, 

6. The process as in any one of claims 1-3, wherein the volume per cent of 
20 said graphite particles is about 35% to about 80% of the total volume of said 

graphite particles and said glass. 

7. The process of claim 6, wherein the volume per cent of said graphite 
particles is about 50% to about 80% of the total volume of said graphite particles 
and said glass. 

25 8. The process of claim 3, wherein the ion beam gas is fi-om about 85 to 

about 92 volume percent argon and fi-om about 8 to about 1 5 volume percent 
nitrogen. 

9. The process of claim 2, wherein said ion beam fiuther comprises ions 
of oxygen. 

30 10. The process as in any one of claims 2, 3, 8, or 9, wherein said ion beam 

has an ion current density of fi-om about 0. 1 mA/cm^ to about 1 .5 mA/cm^ and a 
beam energy of fi-om about 0.5 keV to about 2.5 keV and the time of ion 
bombardment is from about 15 to about 90 minutes. 

1 1 . The process of claim 2, wherein said layer of composite is formed by a 
35 process, which comprises: 

(a) screen printing a paste comprised of graphite particles and glass fiit 
onto said wire, wherein the volume per cent of said graphite particles is 
about 35% to about 80% of the total volume of said graphite particles and 
said glass frit; and 

9 
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(b) firing the dried paste to soften said glass fi-it and cause it to adhere to 
said wire and to portions of said graphite particles thereby affixing said 
graphite particles to one another and to said wire to produce said layer of 
composite. 

5 12. The process of claim 11, wherein said paste is comprised of from about 

40 wt% to about 60 wt% solids comprised of graphite particles and glass frit, the 
weight percentage being based on the total weight of said paste. 

13. A process for forming a layer of composite which comprises graphite 
and glass on a wire, which comprises: 

10 (a) screen printing a paste comprised of graphite particles and glass frit 

onto the wire, wherein the volume per cent of said graphite particles is 
about 35% to about 80% of the total volume of said graphite particles and 
said glass frit; and 

(b) firing the dried paste to soften said glass frit and cause it to adhere to 
15 said wire and to portions of said graphite particles thereby affixing said 

graphite particles to one another and to said wire to produce said layer of 
composite, wherein at least 50% of the surface area of said layer of 
composite consists of portions of said graphite particles. 

14. A lighting device comprising an electron emitter made by the process 
20 of any one of claims 1 , 2, or 1 1 . 



10 



INTERNATIONAL SEARCH REPORT 



Int. lonal Application No 

PCT/US 98/26017 



A CLASSIFICATION OF SUBJECT MATTEH 

IPC 6 H01J9/02 HOlJl/30 



According lo inlernalional Patent Classification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentaiion searched (classification system followed by classification symbols) 

IPC 6 HOIJ 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 700 065 A (AT & T CORP) 6 March 1996 
see column 2, line 55 - column 3, line 1 
see column 3, line 18 - line 40 

US 5 686 791 A (KUMAR NALIN ET AL) 
11 November 1997 
see column 6, line 51 - line 55 
see column 9, line 13 - line 33 
see figures 6-8 

WO 97 18576 A (DU PONT DE NEMOURS & CO. ) 
22 May 1997 
see claims 1,8 

-/-- 



13 
1 

13 



1,13 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



^ Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E"* earlier document but published on or after the international 
liling date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document pLtolcshed prior to the tntemational filing date but 
later than the pnority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the prirKiple or theory undertying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document Is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

document member of the same patent family 



Date of the actual completion of the intemational search 



18 March 1999 



Date of mailing of the international search report 

26/03/1999 



Name and mailing address of the ISA 

European Patera Office. P B 5818 Patentiaan 2 

NL - 2280 HV Rijswijk 

Tel (.^31-70) 340-2040. Tx 3165leponl. 
Pax (*3l-70) 340-3016 



Authonzed officer 



Colvin, G 



rorm PCT/ISA/210 ispcood s/>«et| (July 199?) 



n n o 1 ^•^ 



INTERNATIONAL SEARCH REPORT 



Ir iHonal Apphcalion No 

PCT/US 98/26017 



C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Caiegor/ Cttaticn of oocument with indication where appropnate. ct trse relevant passages 



GB 2 306 246 A (TUCK RICHARD ALLAN 
RODNEY VAUGHN (GB); TAYLOR WILLIAM 

30 April 1997 

see page 6, 1 ine 1 - 1 ine 9 

see page 7, line 11 - line 13 

see page 9, line 22 - line 24 

see page 18, 1 ine 9 - 1 ine 18 

see page 21, line 13 - line 16 



; LATHAM 
(GB)) 



Re'evanl to claim No 



1-12 



"ENHANCED COLD- 
COMPOSITE RESIN- 



CATHODE 
CARBON 



BAJIC S ET AL; 
EMISSION USING 
COATINGS" 

JOURNAL OF PHYSICS D. APPLIED PHYSICS, 
vol. 21, 1988, pages 200-204, XP002017628 
see page 202, right-hand column; figures 
4,5 

VECHTEN VAN J A ET AL: "KINK SITE 

SATURATION MECHANISM FOR WHISKER GROWTH 

UNDER SPUTTERING CONDITIONS" 

JOURNAL OF CRYSTAL GROWTH, 

vol. 82, 1987, pages 289-294, XP002057988 

see abstract 

WO 96 00974 A (SILICON VIDEO CORP 

; MASSACHUSETTS INST TECHNOLOGY (US); 

ADVANCED T) 11 January 1996 

see page 5, line 30 - page 6, line 1 

see page 8, line 8 - 1 ine 9 

see page 17. line 30 - page 18, line 9 



1-12 



Form PCT/!SA/210 (conlmuatron ol socono s/>eel) Uuly 1992) 



page 2 of 



2 



INTERNATIONAL SEARCH REPORT 

tnformation on patent family members 



Int tional Application No 

PCT/US 98/26017 



Patent document 
Cited In search report 


Publication 
date 


Patent family 
memt)er(s) 


Publication 
date 


EP 0700065 


A 


DA— n 1— 1 QOA 


JP 


8077917 


A 


Z2:-03-1996 








US 


5588894 


A 


J 1-1^-1996 








US 


5808401 


A 


i b-(J9-199o 








US 


5698934 


A 


1C3-12-1997 


US 5686791 


A 


1 1—1 1—1 QQ7 

11 1 1 lyy / 


AU 


5897594 


A 


^:U-12-1994 








CA 


2164294 


A 


AO in ^ A 

08-12-1994 








EP 


0730780 


A 


11-09-1996 








JP 


8510858 


T 


12-11-1996 








WO 


9428571 


A 


08-12-1994 








us 


5600200 


A 


04-02-1997 








us 


5675216 


A 


07-10-1997 








us 


5659224 


A 


19-08-1997 








us 


5703435 


A 


30-12-1997 








us 


5551903 


A 


03-09-1996 








us 


5543684 


A 


06-08-1996 








us 


5763997 


A 


09-06-1998 








us 


5679043 


A 


21-10-1997 








us 


5548185 


A 


20-08-1996 








us 


5612712 


A 


18-03-1997 








us 


5449970 


A 


12-09-1995 


WO 9718576 


A 


22-05-1997 


AU 


7728696 


A 


05-06-1997 


GB 2306246 


A 


30-04-1997 


AU 


6626096 


A 


05-03-1997 








CN 


1192288 


A 


02-09-1998 








EP 


0842526 


A 


20-05-1998 








WO 


9706549 


A 


20-02-1997 








GB 


2304989 A,B 


26-03-1997 


WO 9600974 


A 


11-01-1996 


US 
AU 


5608283 
7675094 


A 
A 


04-03-1997 
25-01-1996 



rorm PCT iSA,'210 (palerrt family ann«i) [July 1992} 



